Summary: This paper empirically investigates the contagion effects of the Global Financial Crisis (2007)(2008)(2009)) from the financial sector to the real economy by examining nine sectors of US and developed European region. We provide a regional analysis by testing stock market contagion on the aggregate level and the sector level, on the global level and the domestic/regional level. Results show evidence of global contagion in US and developed European aggregate stock market indices and all US sector indices, implying the limited benefits of portfolio diversification. On the other hand, most of the European regional sectors seem to be immune to the adverse effects of the crisis. Finally, all non-financial sectors of both geographical areas seem to be unaffected by their domestic financial systems. These findings have important implications for policy makers, investors and international organizations.
On 9
th August 2007 the large French bank BNP Paribas temporarily halted redemptions for three of its funds that held assets backed by US subprime mortgage debt. Since then, many unanticipated and tumultuous economic events, as well as their global scale and magnitude, contributed to characterize the US subprime as the beginning of a "Global Financial Crisis" (GFC, hereafter). The GFC of 2007-2009 affected both financial activities and macroeconomic conditions around the globe that are difficult to be explained by pointing to "fundamentals". "Contagion" became the catchword for such phenomena and is now widely being used to describe the spread of financial disturbances from one country to others. The literature on financial contagion literally exploded since the thought-provoking paper by Kristin J. Forbes and Roberto Rigobon (2002) started circulating in the late 1990s. They define contagion as "a significant increase in cross-market linkages after a shock to one country (or group of countries)", otherwise, a continued market correlation at high levels is considered to be "no contagion, only interdependence".
There is a large body of literature on financial contagion during several crises occurred within the last three decades (see Dimitris Kenourgios, Aristeidis Samitas, and Nikos Paltalidis 2011; Dimitrios Dimitriou, Kenourgios, and Theodore Simos 2013; Kuan-Min Wang and Hung-Cheng Lai 2013 , for a survey). This literature has focused mainly on contagion effects across stock markets in different countries, based on aggregate data. This paper empirically investigates the contagion effects of PANOECONOMICUS, 2014, 3, pp. 275-288 the GFC, using non-aggregate data and focuses on the transmission of shocks from financial sector stock indices to nine non-financial sector stock indices, and thus the "real economy" of two major geographical areas, namely US and developed Europe. Prior works that analyze non-aggregate stock market indices of different countries are still rare (see the following section for a literature review). Our study extends the existing literature and provides an analysis of the relationship among financial contagion and the real economy at a regional level rather than individual country level, since no attention has been paid to the dynamics of contagion from a regional perspective. The analysis of stock prices grouped into regional sector indices will shed light on the impact of the global crisis on the real economy of regions, since regional sector indices are indicators of the economic activities of a region. We select sectors of the US and developed European region due to the significant impact of these economies on the rest of the world. Together they account for over 25% of world domestic product. Furthermore, the US-developed Europe bilateral economic relationship can influence the economic conditions in other countries. Therefore, this is an interesting pair to examine the existence of financial contagion by testing various channels, that is: (i) contagion of aggregate equity market indices; (ii) contagion of the financial sector across US and developed European region; (iii) contagion of the financial sector and the real economy across US and developed Europe; (iv) contagion of the financial sector and the real economy within US and developed Europe. The empirical results can be summarized as follows. The GFC can be characterized by: (a) contagion of aggregate US and developed European equity indices; (b) contagion of financial sector only for US, while the developed Europe show evidence of immunity; (c) contagion of US real economy sectors, while most of the sectors in developed European region seem to be unaffected from the GFC. Finally, all nonfinancial sectors of US and developed European region seem to be unaffected by their domestic financial systems.
Many interesting aspects emerged from our empirical analysis. Firstly, the US stock market and real economy sectors are severely affected by the crisis. Due to the fact that the US is the source of the GFC, many investors may consider that the bad news concern only the US and so the other markets would be safer. On the other hand, most of the sectors of developed European region seem to be immune to the adverse effects of the crisis. This implies that markets with great exposure via trade or financial linkages were not necessarily hit hardest by the crisis, mainly due to their fundamental strengths and quality of institutions. These results are useful for investors in order to diversify their assets and reduce the costs of future financial crises. Also, an assessment of the breadth of a financial crisis can also assist US and European policy makers in effectively designing stimulus packages to reduce the possibility of a future infection of multiple sectors.
The rest of the paper is structured as follows. Section 1 reviews the prior literature. Section 2 introduces the methodology framework to test contagion, the crisis period identification, the channels of contagion and the hypotheses to be tested. Section 3 presents the dataset and preliminary analysis. Section 4 produces the estimation results and robustness tests. Finally, Section 5 summarizes the findings and concludes.
Literature Review
The existing literature that analyzes contagion during several crises using aggregate stock market indices is vast. The Asian crisis contagion clearly receives the highest share of attention in the literature (see for example Reuven Glick and Andrew K. However, few of the existing studies investigate the contagion effects of the GFC based on non-aggregate data. A recent example of this literature is Dirk G. Baur's (2012) study that examines the transmission of shocks from the financial sector to real economy sectors in 25 major developed and emerging stock markets. His results demonstrate that no country and sector was immune to the adverse effects of the crisis limiting the effectiveness of portfolio diversification. However, he provides clear evidence that some sectors in particular Healthcare, Telecommunications and Technology were less severely affected by the crisis.
Another example is the work of Bekaert et al. (2011) that analyzes the equity market transmission of the 2007-2009 GFC to country-industry equity portfolios in 55 countries. They find evidence of contagion from US markets and from the global financial sector, but the effects are economically small. On the other hand, there has been substantial contagion from domestic equity markets to individual domestic equity portfolios, while its severity inversely related to the quality of fundamentals and policies of each country. They also confirm that investors focus substantially more on country-specific characteristics during a crisis. Paulo Horta, Carlos Mendes, and Isabel Vieira (2010) analyze four European aggregate stock markets, financial sector and industrial sector during the GFC and find contagion for all markets and sectors. Finally, Kate Phylaktis and Lichuan Xia (2004) investigate portfolio diversification among various real economy sectors within a CAPM perspective during the period from 1990 until 2004 and provide mixed evidence for contagion.
Methodology Framework
According to a market model proposed by Bekaert, Harvey, and Ng (2005) , contagion from one market to another is estimated as follows:
where r market,i is the return stock index of market i, r world,i is the return of a global equity portfolio, and e market is the estimated residuals from the first equation. A secondpass regression utilizes e market from Equation (1) to determine the impact of unexpected shocks from the crisis-market (e market* ) on the unexpected return component (e market,i ) in market i. The dummy variable D crisis is equal to unity if there is a crisis and zero otherwise. The parameter c 1 is an indicator of interdependence and the parameter c 2 measures the contagion effects. Contagion exists if c 2 is positive and statistically significant. However, the above specification is sensitive to the specification of the firstpass regression. Moreover, controlling the Equation (1) by adding financial and macroeconomic variables that may change during the crisis period can lead to an estimate of "unexpected" shocks which is not truly unexpected. Specifically, if the firstpass regression employs regressors that contain unexpected information the supposedly unexpected component in the second-pass regression leads to biased estimates of contagion. Another issue is the fact that the coefficients estimated with Equation (2) do not show a change in the impact of the systematic component r world,i . Thus, the model given in Equations (1) and (2) provides changes in the co-movement of the filtered or idiosyncratic shocks.
In order to alleviate the first-pass regression sensitivity to "unexpected" shocks and test world and domestic contagion, we apply the following model:
where r fin.,world,t is the return of the global financial sector portfolio, while the subscript S denotes the sector under examination for each market. The model is also used to analyze contagion across aggregate stock market indices. In this case S represents the sum of all sectors and is substituted by market. We assume that the GFC was triggered by a crisis in the financial sector. This model estimates a change ,,
( ) (0,1) Bekaert et al. 2011) . However, all studies on contagion, which determine the crisis length either ad-hoc based on major economic and financial events (Forbes and Rigobon 2002) or endogenously (Boyer, Kumagai, and Yuan 2006) , are to some degree arbitrary, because they all depend on a correct definition of the crisis period. As Baur (2012 Baur ( , p. 2682 argues, "…even studies that avoid discretion in the definition of the crisis period use discretion in the choice of the econometric model to estimate the location of the crisis period in time".
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Then we test four alternative channels of contagion: aggregate stock market contagion, financial sector contagion and real economy (non-financial sector) contagion spread through the global financial system or the domestic financial system. To differentiate between global and domestic contagion, Equation (3) The equation can be used to estimate changes in the return co-movement of a specific sector S with the global financial system (r fin.,world ) or with the domestic/regional financial system (r fin.,i ). Following the testing framework of Baur (2012) 
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Furthermore the above framework allows an analysis of the homogeneity of the contagion effects across markets and sectors. If the propagation of shocks is homogeneous, investors act similarly (e.g., sell stocks simultaneously due either to margin calls or to panic preferring safer assets), and there is investors-induced contagion. In contrast, when investors observe a change in fundamentals (e.g., firms' higher cost of capital due to more risk-averse banks and investors) and act accordingly, there is fundamental-induced contagion. In this study, we assume that investorinduced contagion leads to a relatively homogeneous change in the level of comovement across markets and sectors, whereas fundamentals-based contagion is expected to lead to a more heterogeneous form of contagion.
Data and Preliminary Analysis
The data comprises daily MSCI aggregate stock indices of World, US, developed Europe and ten sector stock indices of the geographical areas of US and developed Europe (Financial, Energy, Materials, Industrials, Consumer Goods, Consumer Services, Healthcare, Information Technology, Telecommunications and Utilities). All MSCI stock indices are denominated in USD (the results using indices denominated on domestic currency are similar and available upon request). The developed European region includes the following countries: Austria, Belgium, Denmark, Finland, Table 1 . Panel A reports summary statistics for the full sample period and show significant differences in mean returns, standard deviations, skewness, kurtosis and autocorrelation (Ljung-Box statistics) across the two aggregate market indices. Panel B presents the summary statistics for the crisis period identified using key economic and financial events of the GFC as described in methodology framework section. Comparing the two periods, we can perceive that all stock returns show significant changes in mean returns, standard deviations, skewness and kurtosis. . Since all equity returns exhibit ARCH and asymmetric effects (results not presented here), the asymmetric GARCH process (GJR-GARCH) adopted in this paper is an appropriate specification.
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Source: Authors' calculations.
Figure 1 Equity Market Indices Behavior over Time

Empirical Results and Robustness Tests
This section presents the estimation results of the econometric model specified in Equations (3) and (4) and discusses the implications for the hypotheses presented in Section 2. Tables 2 and 3 present the results for the 4 tests of contagion. Not surprisingly, Table 2 -Panel A indicates that both aggregate equity indices are integrated with world equity market, since they have positive and statistically significant (b 1 ) coefficient. The equity markets of US and developed Europe are among the largest in terms of capitalization and their large interdependence with the world equity index is an expected outcome. Moreover, they indicate evidence of contagion since (b 2 ) coefficients are positive and statistically significant. It is interesting to mention that both stock indices show evidence of contagion, although US was the source of the GFC. This could be explained by the strong financial and economic ties among these two geographical areas. These findings are in line with the individual stock market analysis' results of Baur (2012) . The results also show that the coefficient governing contagion (b 2 ) varies significantly across the two areas. This heterogeneity of the contagion effect suggests a fundamentals-based contagion. This type of contagion occurs when investors observe a change in fundamentals and act accordingly.
Panel B of Table 2 presents the results of global financial sector contagion. The interdependence of both financial sector indices with the world financial index is present, while contagion effects exist only among US and the world financial sector. The contagion coefficient (b 2 ) is negative and statistically insignificant for the developed European financial index, suggesting the immunity of the European financial sector from the world financial sector. This finding is not in line with the results of Baur (2012) , who provides evidence on contagion for all European countries' financial sectors included in his sample. According to Bekaert et al. (2011) , the explana- tion of this finding could be that developed markets with great exposure via trade or financial linkages were not necessarily hit hardest by the financial crisis, mainly due to their fundamental strengths and quality of financial institutions. However, the fact that there is no evidence of contagion in the European financial sector does not mean that some of the financial sectors of the countries were not affected by the crisis. The findings merely imply that the regional financial sector index did not suffer from an increased co-movement with a falling portfolio of world financial stocks. Further analysis of the decreasing co-movement of the European financial sector index with the world financial portfolio shows that the co-movement with the world portfolio of financial stocks decreased because the value of the world financial index deteriorated by more than the regional financial stock portfolio in that period. Notes: C denotes contagion during the crisis period if the dummy coefficient b2 is positive and statistically significant; -denotes no evidence of contagion; ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
Source: Authors' calculations. Table 3 displays the results associated with Hypotheses 3 and 4, thus testing the existence of contagion among the world financial sector/domestic financial sector and the sectors representing the real economy in each area. For Test 3, we assume that the global financial system has a direct impact on US and developed Europe non-financial firms. This is because firms are directly affected by the GFC since lend and borrow globally. In order to control for an increased co-movement of the financial sector with the domestic financial sector, we use Equation (4) which includes the domestic financial sector returns in normal and crisis periods as control variables. All US real economy sectors are infected by the GFC, since the coefficients b 2 are positive and statistically significant. On the other hand, developed European sectors exhibit no evidence of contagion, except two sectors: Consumer Services and Healthcare. Almost the same findings are provided by Baur (2012) for the US sectors and the two infected European sectors. Since all other sectors in this region seem to be immune, this suggests that they are prone to portfolio diversification. These results demonstrate that US firms are more exposed to the global financial system than developed European firms. Panel B contains the coefficient estimates measuring the crisis specific change in the level of co-movement of the "local" financial stock index and the non-financial sector indices of the two areas. A positive and statistically significant coefficient estimate c 2 implies contagion. The results show no cases of contagion for all sectors of both regions, supporting the findings of Baur (2012) . : rS, i, t = a + b1 rfin., world, t + b2 rfin., world, t Dcrisis, t + c1 rfin., i, t + c2 rfin., i, t Dcrisis, t + eS, i, t 
Model
Dev. Europe - - - - - - - - - US - - - - - - - - -
Notes:
Cg denotes global financial contagion of real economy during the crisis period if the b2 coefficient is positive and statistically significant; Cd denotes domestic financial contagion of real economy during the GFC if c2 is positive and statistically significant; -denotes no evidence of contagion; ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
Finally, in order to check the robustness of our results, the sensitivity of the crisis period definition and the full period sample is analyzed by three ways as presented in Table 4 January 2009 (the beginning of phase 3 -"macroeconomic deterioration" according to the official timelines). Again, the results of this sensitivity analysis are almost the same. Overall, these results indicate that changes due to sample period selection and crisis period definition are rather small and economically insignificant.
Concluding Remarks
This paper empirically investigates the contagion effects of the GFC from the financial sector to real economy using an asymmetric GJR-GARCH (1,1) model and a dataset of aggregate and sector stock indices of US and developed Europe during the period [2004] [2005] [2006] [2007] [2008] [2009] . We test for contagion across stock markets on the aggregate level and the sector level, on the global level and the domestic/regional level. Results imply that the contagion hypothesis holds for US and developed European aggregate stock markets, while financial sector contagion is evident only for US financial sector stocks.
In line with Baur (2012) , the evidence for contagion of the sectors representing the real economy is mixed. Specifically, contagion effects from the global financial portfolio are present for all US real economy sectors, implying the diminished benefits of international portfolio diversification. On the other hand, the developed European region exhibit evidence of contagion only for Consumers Services and Healthcare sectors. Moreover, our results show no evidence of domestic financial contagion of real economy sectors for both geographical areas.
Our findings have important implications for investors, policy makers and international organizations, such as International Monetary Fund (IMF), with regard to the linkages among the markets and their real economy sectors during the GFC. In particular, investors may benefit from the different vulnerability of the markets and real economy sectors, since holding a portfolio with equities from diverse sectors is less subject to systematic risk. From policymakers and international organizations' perspective, this study provides useful information about the directions for possible future policy decisions in order to protect countries and investors from future financial crises. Future research may investigate the dynamics of contagion across different phases of the GFC.
